Abstract. In Brazil, a high number of woody species have been used for forest restoration plantings. However, this action is widely questionable due to the no re-establishment of a considered "normal" successional trajectory. In this study, we analyzed subtropical rainforest natural regeneration at abandoned pastures and we showed that vegetation is characterized, predominantly, by few high dominant native woody species, highlighting especially Vernonanthura discolor (Asteraceae), Myrsine coriacea (Primulaceae), and Piptocarpha regnellii (Asteraceae). Our results also indicate that these high dominance species favor the lowest diversity of natural regeneration. In this regard, we suggest implementing actions that provide improvements and facilitate natural processes of ecological succession by planting dominant native woody species. This takes into consideration the re-establishment of a considered "normal" successional trajectory.
Introduction
The subtropical forests are exposed to a continuous degradation process, due to anthropic landscapes changes (Ribeiro et al., 2009; Vibrans et al., 2013a) . These landscapes are mainly pastures mosaics, crops and urban areas fringed by small forest patches (Tabarelli et al., 2010) . The forests conversion into cattle raising pastures is known for reducing biological diversity, interrupting the ecological processes (TinocoOjanguren et al., 2013), and also reducing water infiltration into the soil due to soil compaction by animals trampling, what increases superficial runoff and soil erosion (Kunz et al., 2013) . In these areas, natural regeneration of native species is limited by a variety of processes coming from the conversion forest-pasture, including land degradation (Holl and Aide, 2011) , unfavorable microclimate (Pröll et al., 2015) , lower seed dispersion (Reid et al., 2015) and competition from invasive exotic species (Mantoani and Torezan, 2016) .
There are ~177.282,00 km² of potential areas for forest restoration in Brazil (Rodrigues et al., 2011). These areas are generally situated in highly fragmented forest regions and present low agricultural potential due to massive livestock farming (Rodrigues et al., 2009 ). Such as in other Brazilian regions, Santa Catarina Atlantic Forest is composed of secondary forest physiognomy with different regeneration stages, being rare the remaining with primary forests (Reis et al., 1992) . The whole area has suffered destructive extractivism and disorderly soil occupation for agriculture and livestock expansion (Vibrans et al., 2013b) . Although, secondary forests are important for global biological diversity conservation (Gibson et al., 2011) , in Southern Brazil there are few studies on species diversity of natural regeneration at the secondary succession process of subtropical forests (Meyer et al., 2013; Fiorentin et al., 2015) .
If we understand the secondary succession process of abandoned pastures and priority areas indicated for restoration in Brazil (see Rodrigues et al., 2011; Brasil, 2012; , we can show potential species to be used in the forest regeneration projects (Martins, 2013; Maçaneiro et al., 2016a; Mota et al., 2017; Turchetto et al., 2017) . For example, species that colonize abandoned pastures are typical from disturbed environments, once they frequently occur in open areas (such as clearings) or, on the edge of forests, where environmental conditions are unfavorable for most of the demanding plants (Chazdon and Guariguata, 2016) . Besides this, those species are adapted to local environmental conditions, characterizing native regeneration vegetation in the initial stages and, therefore, being recommended for use on subtropical forests restoration (Kageyama and Reis, 1993; Meli et al., 2014; Mota et al., 2017) .
Heliophytic and light demanding plants are among the species prepared to take place at abandoned pastures (Chazdon, 2008; Cheung et al., 2009 ). They are highly adapted to unfavorable microclimate conditions (higher light levels) and degraded soil (compacted and low in nutrients) (Holl and Aide, 2011) . These species are also often described as single-dominants or monodominants (see Connell and Lowman, 1989; Hart et al., 1989) , since they occur in large numbers, have relative density or relative dominance between 50-100%, and dominate the forest canopy. Some studies were developed in Santa Catarina with the purpose to understand both the natural regeneration composition and structure of the Atlantic Forest (see Schorn Those studies verified that successional trajectories vary in function of the land use and the anthropic history. Although its descriptive content focus, those researches contribute to meta-analysis studies and also serves as basis for forest restoration projects in similar areas (Mota et al., 2017; Turchetto et al., 2017) . However, none of these studies emphasized the relationship between natural regeneration dominant species and diversity in abandoned pastures.
The use of a large number of woody species in plantations for forest regeneration purpose is a widely questionable action, although it is a traditional practice in Brazil (Naeem, 2006; Wright et al., 2009; Durigan et al., 2010; Durigan and Engel, 2015) . For instance, a degraded ecosystem is a highly organizaded system opened to matter and energy flows, with dissipative structure, presenting internal (among the system components) and external interactions (with the landscape) (Aumond and Maçaneiro, 2014) . In this context, the answer for how many species would be necessary in order to have a stable community and a functional ecosystem must take into account how a considered "normal" successional trajectory re-establishment happens (see Suding and Gross, 2006; Naeem, 2006; Durigan and Engel, 2015) . Furthermore, there are few woody species that seems to dominate at the beginning of forest succession of the subtropical forests (see Klein, 1980; Schorn and Galvão, 2009; Siminski, 2009; Meyer et al., 2013) . In this regard, the aim of this study was to analyze natural regeneration woody species composition, structure, diversity, and abundance at abandoned pastures
Data collection
We selected three four-year abandoned pastures which were at an initial regeneration stage (Figures 1 and 2 ). Each area was constituted by a slope with the same historical use. We used plots arranged in transects (Soares et al., 2012) , to represent the possible greatest variation throughout the three areas with abandoned pastures. At each area we distributed, systematically, 15 sample plots of 10 x 20 m (200 m²), corresponding to 3,000 m² sampling area and making up 20% of the total studied. We disposed these sample plots in three transects, all of them starting at the base of the slope and ending at the top of the slope. We distanced these sample plots approximately 25 m each other and 35 m from the transects. At each sample plot we sampled the upper layer, characterized by live individuals with diameter at breast height (DBH) ≥ 5 cm. Inside each sample plot we inserted a 10 x 10 m (100 m²) subplot, to sample lower layer, characterized by individuals with height ≥ 50 cm and DBH < 5 cm.
We identified botanical material collected by comparison with exsiccates deposited at the Dr. Roberto Miguel Klein Herbarium of Fundação Universidade Regional de Blumenau (FURB) and, also, through taxonomic literature and FURB experts consultation. We used the species classification system proposed by APG IV (2016) and PPG I (2016). 
Data analysis
We calculated, for upper layer, Mueller-Dombois and Ellenberg (2002) structural parameters, in other words, density, dominance and frequency absolute and relative, and importance value for each species. For lower layer, besides the parameter described above, we calculated absolute and relative height classes and the natural regeneration importance value for each species (Hosokawa et al., 
Results
We sampled 1,079 individuals belonging to 45 woody species (Table 1) in both layers. The natural regeneration presented 497.8 ind.ha -1 and monodominance of Vernonanthura discolor (DR > 50%), in the upper layer. Besides Vernonanthura discolor, Piptocarpha regnellii, Piptocarpha axillaris, Myrsine coriacea and Piptocarpha angustifolia (VI = 266.2%) also characterize the upper layer.
In the lower layer, we found density of 1,402.2 ind.ha -1 and the mains species that characterized the vegetation structure were Vernonanthura discolor, Myrsine coriacea, Clethra scabra, Piptocarpha regnellii and Piptocarpha axillaris (RNR = 186.2%). Similar to what was found on the upper layer, Vernonanthura discolor, Myrsine coriacea, Piptocarpha regnellii and Piptocarpha axillaris also were the main species at the lower layer ( Table 1) .
We observed that woody species presented different ecological regeneration strategies (Table 1) . However, competitors and stress tolerant plants (S/SC) were predominant at the analyzed layers (upper layer = 64.4%; lower layer = 70.5%). competitor (C), stress tolerant (S), ruderal adapted to disorders (R), ruderal competitor in environment subjected to stress and disorders (CR/CSR), ruderal competitor (R/CR), ruderal in environment subjected to stress and disorders (R/CSR), stress tolerant and competitor (S/SC), stress tolerant and competitor in environment subjected to stress and disorders (SC/CSR) and ruderal and stress tolerant in environment subjected to stress and disorders (SR/CSR).
Differences between vegetation layers are particularly visible at the community structure ( Figure 3 ). We verified PDSA significantly different throughout the analyzed layers (Kolmogorov-Smirnov, D = 0.68; p < 0.01). However, Whittaker diagram showed that natural regeneration is characterized by few high dominant woody species, highlighting Vernonanthura discolor, Myrsine coriacea and Piptocarpha regnellii. We found highly significant correlations (Pearson, r > -0.79; p < 0.01) between diversity index (Shannon and Simpson) and relative density of the mostly abundant woody species at the sample plots analyzed ( 
Discussion
Our study revealed that natural regeneration of Subtropical Rainforest at abandoned pastures is characterized by few highly dominant woody species. These species have specific ecological strategies as stress physiological tolerance and competitive capacity for resources. The ecological strategies of native species are closely related to the successional process (Munoz et al., 2016) , where the temporal changes of colonizers and locally persistent and more demanding species are observed at the forest ecosystem affected by a disruption (for example, clearings Chazdon and Guariguata, 2016) . The establishment of these species during the forest regeneration also contributes to ecosystem resiliency, since they bring mutualist species that generate greater heterogeneity and diversity (Howe, 2016; McAlpine et al., 2016) . These species form small patches that provides favorable microclimate for more demanding species grow (Scervino and Torezan, 2015) and attracts seeds dispersing agents, which provides improvement on soil conditions and facilitate forest regeneration (Bechara et al., 2016) . Therefore, dominant native woody species generally occur in the initial succession stage of subtropical rainforest and are beneficial for forest regeneration, as observed on this study.
We verified that highly dominant woody species generate lowest natural regeneration diversity, especially on upper layer. In subtropical rainforests, the species located on the upper layer act as environmental filters for those species in lower layer species (see Carvalho et al., 2016; Boukili and Chazdon, 2017) . These studies showed that some regenerating woody species are favored by mature species and that the future forest structure is related to the environmental filters. Beyond species, several biotic and abiotic factors act as environmental filters (for example, seeds dispersal, seedlings competition with exotic grasses, predation and germination seedlings, soil chemical and physical characteristics, decaying tree trunks, luminous intensity, herbivory etc), which selected or exclude determined woody species at biological communities (Holl, Thus, due to structure importance and ecological strategies that these species have in Southern Brazil Subtropical Rainforest natural regeneration, we recommend preferentially this species (or this kind of species) for restoration plantings at abandoned pastures.
In this study, we indicate evidences about how the high dominance of some species (for example, Vernonanthura discolor, Piptocarpha regnellii and Myrsine coriacea) favor the lowest diversity of natural regeneration. However, this standard must be seen as facilitator of forest restoration, once these species presents huge adaptation to local conditions and provide the biggest soil cover and improvement in environmental conditions for more exigent new woody species colonization. These results encourage a further analysis about how these species contribute ecologically for abandoned pastures restorations. Therefore, we suggest the addition of species functional attributes in new vegetation studies, since additional information about ecological strategies of dominant woody species may indicate standards that accelerates the ecological successional process of subtropical rainforests. http Lessons from aging human-modified landscapes. 
